Background: Longitudinal systolic left ventricular contraction is complementary to the radial performance and can be assessed using tissue Doppler imaging (TDI). This study was performed to evaluate the contribution of mitral annular systolic velocities using TDI after dobutamine stress echocardiography (DSE).
Introduction
Dobutamine stress echocardiography is an established method for the assessment of coronary artery disease with a sensitivity and specificity of 80% -85% [1, 2] , comparable to those of radio-isotopic myocardial perfusion studies. The major limitations of dobutamine stress echocardiography are lack of suitable acoustic window [3] , suboptimal delineation of the endocardial border necessitating harmonic and contrast imaging [4] [5] [6] [7] , the subjective nature of analysis and the lack of uniform diagnostic criteria requiring high level of expertise in wall motion analysis [8] [9] [10] [11] .
The most important diagnostic element in dobutamine stress echocardiography is segmental systolic performance in the radial direction. However, abnormalities of longitudinal systolic performance may precede radial abnormalities and thus their evaluation may enhance the sensitivity of detection of contractile abnormalities [12, 13] . Tissue Doppler imaging has been shown to correlate with segmental myocardial wall motion [14] [15] [16] .
Sampling at the mitral valve annulus, tissue Doppler imaging may reflect longitudinal systolic performance of the left ventricle.
The purpose of this study was to correlate immediate post dobutamine stress echocardiography regional mitral annular tissue Doppler imaging indices with regional left ventricular wall motion abnormalities during dobutamine stress echocardiography and their contribution to diagnsois.
Methods

Population
Fifty patients, 29 women, age 60.3 ± 13.4 years, were prospectively evaluated for the presence of coronary artery disease. All had transthoracic echocardiography before dobutamine stress echocardiography. Coronary angiography was performed according to clinical indications taking into consideration the dobutamine stress echocardiography (DSE) results.
Dobutamine stress echocardiography
The protocol of dobutamine infusion consisted of 3 minute stages for each dose, staring with 5 μg/kg/min and increasing to 10, 20, 30 and 40 μg/kg/min. If end-points did not occur or 85% of the age adjusted heart rate was not achieved, 0.25 mg atropine was injected every 2 minutes up to 1 mg or until the target heart rate was achieved. Blood pressure and 12 lead electrocardiograms were recorded at rest and throughout the dobutamine stress echocardiography study. Horizontal or down-sloping > 1 mm ST-segment depression at 0.06 sec after the J point was considered as evidence for myocardial ischemia.
Image acquisition
Images were obtained while the patients in the left lateral decubitus position. A standard commercial Hewlett Packard Sonos 5500 echocardiographic machine equipped with S4 transducer and second harmonic imaging as well as colorkinesis was used. Parasternal long axis and short axis as well as apical 4-chamber and 2-chamber views were recorded at rest, low dose dobutamine infusion, peak exercise and in the recovery period. Digital images were stored on magnetooptic discs for later off-line analysis. In addition super VHS videotape recordings were performed throughout the studies.
Dobutamine stress echocardiographic analysis
Segmental left ventricular wall motion analysis was performed using 16-segment model [17] . Regional wall motion was estimated as normal, hypokinetic, akinetic or dyskinetic. Analysis of the gray-scale two-dimensional image as well as the color-kinesis overlay was combined in the assessment of regional left ventricular wall motion. New or worsening segmental wall motion was considered as ischemic response. Ischemic response (I) was identified when wall motion decreased by at least 1 grade in 2 adjacent segments or wall motion decreased by at least 2 grades in 1 segment, otherwise no ischemia, or normal response (N) was diagnosed.
Tissue Doppler imaging
The apical 4 chamber, 2 chamber and 3 chamber views were used to assess the longitudinal velocities of the mitral annulus. The sample volume of the pulsed wave Doppler was located at the mitral annulus and recording was performed from the septal, lateral, anterior, inferior and posterior portions of the annulus. systolic velocities (S1) were measured, and their difference (dS), dS/S0 and ratio (S1/S0) were calculated.
Statistical analysis
Mean values and standard deviation of the 6 annular mitral longitudinal velocities, S0, S1, dS, dS/S0 and S1/S0 were calculated for all. Student t-test assuming unequal variances, was performed; P < 0.05 was considered significant.
Results
All subjects underwent DSE studies safely and uneventfully. Heart rate increased from 62.4 ± 9.9 bpm to 123 ± 14.4 bpm. Systolic blood pressure increased from 138 ± 7 mmHg to 162 ± 9 mmHg.
Left ventricular wall motion abnormalities
In 24 patients the dobutamine stress echocardiography results were considered normal (N), without baseline or dobutamine induced wall motion abnormalities. In 26 left ventricular wall motion abnormalities were observed (Pt), in 9 only after dobutamine infusion (Pt1), while resting wall motion abnormalities were observed in 17, with apical involvement in 5, antrior-septal in 2, inferior in 13, posterior in 4 and lateral in 1. In patients with resting wall motion abnormalities, in 2 (Pt2) wall motion improved after dobutamine stress echocardiography, in 3 (Pt3) wall motion did not change after dobutamine stress echocardiography, and in 12 (Pt4) worsened after dobutamine stress echocardiography (Table 1) .
Mitral annular systolic velocities at rest
Generally, velocities were similar in normal subjects and in those with wall motion abnormality (WMA), except for slightly higher inferior and posterior mitral annular velocities in normal subjects (about 1 cm/sec higher) which, however, reached statistical significance (Table 2) .
Systolic mitral annular velocities after dobutamine stress echocardiography
After dobutamine stress echocardiography, mitral annular systolic velocities increased significantly in normal subjects and those with WMA, in all 6 regions of Doppler sampling (Table 2 ). However, only septal peak annular velocities after dobutamine stress echocardiography (Septal-S1) were significantly higher in normal subjects (Table 2) .
Calculated parameters of systolic mitral velocities
Post-dobutamine stress echocardiography and baseline velocity difference (dS = S1 -S0), and ratio (S1/S0) as well as dS/S1 were significantly higher in normal subjects compared to those with wall motion abnormalities ( Table 3) .
Relation of mitral annular systolic velocities to different groups of timing of wall motion abnormality
As shown in Table 4 systolic mitral annular velocities were normal at rest in all subgroups with wall motion abnormality. After DSE mitral annular systolic velocities were lower than normal in all subjects with WMA, except those without change in wall motion (Pt3). Combining the 21 subjects with ischemic response (Pt1 and Pt4) revealed that sytolic septal annular velocities were lower than normal after DSE.
Relation of mitral annular systolic velocities to different groups of location of wall motion abnormality
Systolic mitral septal annular velocities at rest in subejcts with wall motion abnormality at different locations were similar to normal. After DSE mitral annular septal systolic velocities were less than normal in all the groups with wall motion abnormalities at all locations (Table 5 ).
Relation to wall motion score index
In subjects with wall motion abnormalities, an inverse relationship between baseline septal systolic velocity S0 and post-dobutamine stress echocardiography velocity S1 on one hand and wall motion score index on the other was observed (Fig. 1) . Septal velocity began to decrease when wall motion score index exceeded 1.25. The same inverse relationship was obsereved in ptaients who developed wall motion abnormalities only after dobutamine stress echocardiography (Pt1), in those with baseline wall motion abnormalities which did not change during dobutamine stress echocardiography (Pt3), and in those with resting wall motion abnormalities which worsened during dobutamine stress echocardiography (Pt 4). In all these patient subgroups, systolic septal annular velocities decreased when wall motion score index exceeded 1.25. Subjects with ischemic response (Pt1 and Pt4 combined together) showed the same finding. Moreover, the increase in septal velocity after dobutamine stress echocardiography (dS), as well as (dS/S0) decreased when the difference in wall motion score index (WMSI) after dobutamine stress echocardiography was larger (Fig. 1) .
Diagnostic value of systolic septal annular velocities
Baseline septal velocities (S0) did not differentiate between normal subjects and those with wall motion abnormalities (Fig. 2) . However, post-dobutamine stress echocardiography septal velocities (S1), as well as velocity differnece (dS), (dS/S0) and (S1/S0) effectively differntiated normal subjects from those with wall motion abnormalities, with narrow band of overlap, as seen in Figure 2 . Cutoff values with high sensitivty, specificity and diagnostic accuracy in detecting patients with wall motion abnormalities were achieved with S1 < 17 cm/sec, S1/S0 < 1.5, dS < 6 cm/sec and dS/S0 < 0.55 (Table 6 ).
Relationship of region of wall motion abnormality and systolic septal velocity
Septal velocities after dobutamine stress echocardiography lower than normal were observed when the wall motion abnormalities involved the left ventricular apex, anteroseptal, lateral and inferior segments (Table 5) . Only in those with anterior wall motion abnormalities no differnece was obeserved most probably due to small number of subjects.
Relation to coronary angiography
Coronary angiography was not performed in subjects without wall motion abnormality and without ischemic response.
In 12 subjects with wall motion abnormality coronary angiography was performed and stenotic lesion locations correlated with sites of regional wall motion abnormality.
Discussion
The aim of the present was to examine the utility of longitudinal left ventricular systolic function from mitral annular [18, 19] . Accordingly, detection of the presence of myocardial ischemia includes delay in onset of myocardial thickening, decrease in the rate and degree of thickening, late systolic thinning followed by delay in peak thickening and post-systolic thickening. The findings of this study relate to differences in the changes in the rate of longitudinal left ventricular systolic function represented by peak mitral annular systolic velocity.
Despite the widespread use of dobutamine stress echocardiography, evaluation of wall motion is still mostly visual and subjective resulting in inter-observer variability [8] [9] [10] [11] . Optimal technique of evaluation should not only quantify the parameters of regional myocardial ischemia, velocities, amplitude and timing of motion but also should be simple in order to gain widespread application.
Several imaging methods have been introduced to make analysis of stress echocardiography more quantitative and less subjective [20] [21] [22] [23] . However some of these may lack simplicity and cannot be applied by many commercially available echocardigraphic machines. In this study, simple numerical parameter-mitral annular systolic velocity, could predict presence of wall motion abnormalities making evaluation of stress echocardiographic studies more objective, although predicting localization of wall motion abnormalities was not effective. Mitral annular systolic velocity emerged as a parameter of global ischemia not related to the region of ischemia.
Tissue Doppler imaging methods have been applied for the detection of myocardial ischemia [24] [25] [26] . In normal subjects the segmental response to increase in dobuatmine infusion is a gradual and continuous increase in myocardial velocities, strain rate and strain [15, [27] [28] [29] . Consistent with our study it was reported that abnormal increase in segmental velocity during stress indicates ischemia [30, 31] .
Mitral annular systolic velocity at the site insertion of the anterior mitral leaflet with the inter-ventricular septum was the most valuable region of evaluation of tissue Doppler velocities resulting in significant differences in velocities after stress between subjects with and those without left ventricular wall motion abnormality. When left ventricular wall motion score index was equal or greater than 1.25, septal mitral annular Doppler velocity was reduced as a marker of global left ventricular systolic dysfunction.
Strengths and limitations
The strength of this study is that a simple evaluation of mitral annular tissue Doppler velocity after dobutamine stress echocardiography and related calculated were accurate in predicting left ventricular wall motion abnormality. However these parameters were not related to the site of wall motion abnormality, and instead they were related to global systolic function and dysfunction like increase in left ventricular wall motion score index more than 1.25. Another limitation was that coronary angiography was not performed in all subjects, therefore correlation with this hard gold standard was not possible.
Conclusion
Systolic mitral TDI velocities increase after DSE, however to a lesser extent in those with wall motion abnormality, and can differentiate them from normal subjects. Application of TDI mitral velocities may simplify and aid in interpreting dobutamine stress echo studies.
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